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Arteriovenous malformationThe association between a vascular malformation and ameningioma is a rare occurrence intracranially. We doc-
ument the case of a 59-year-old man who presented with a right parietal extra-axial mass with headaches and
seizures. Hemangiopericytoma was initially suspected on the basis of an unusual vascular pattern and rapid le-
sion progression. Angiography revealed abnormal vessels and an early draining vein associated with the mass.
Arterial feeders were primarily from the middle cerebral artery with discrete contribution from both middle
meningeal arteries. Craniotomy and Simpson 0 resection of the lesion were undertaken and revealed the coexis-
tence of a dural based tumor with an AVM and a dural arteriovenous ﬁstula (dAVF). Histology and immunohisto-
chemistry were consistent with the diagnosis of meningioma and associated AVM. This case represents the
eleventh report of an AVM associated with a meningioma, among which only 6 were contiguous. Such cases illus-
trate the pathogenic roles of angiogenesis and inﬂammation that is common to AVMs, dAVF and meningiomas.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Meningiomas are among themost frequently diagnosed primary in-
tracranial tumors, accounting for 24–30% of primary central nervous
system tumors. However, the association between meningeal tumors
and a vascularmalformation has been reported in only a few cases (Sup-
plemental Table 1) [4], with the majority of vascular malformations
being dural arteriovenous ﬁstulas (dAVF) [5,6]. We report a case of con-
current pial arteriovenousmalformation (AVM) and dAVF embedded in
a meningioma and discuss common pathophysiological pathways be-
tween these lesions.
2. Case report
A 59-year-old man was referred to our department for a right parie-
tal lesion. Previous medical history was signiﬁcant for atrial ﬁbrillation
treated with warfarin and a history of head trauma sustained in a
motor vehicle accident as a passenger, 5 years prior. At that time, anor has it been submitted to an-
lated abstract and proceedings
se Society in February 14 to 16,
rological Sciences Department,
uébec, Québec, Canada, G1J 1Z4.
di).
. This is an open access article underacute right subdural hematoma (SDH) and right convexity and Sylvian
ﬁssure subarachnoid hemorrhage were treated conservatively. At the
one-month follow-up, the patientwas asymptomatic and the computed
tomographic (CT) scan had normalized.
In the months prior to his second referral, the patient had two epi-
sodes of left partial tonic-clonic seizures. These led to the identiﬁcation
of a chronic right-sided SDHmeasuring less than a centimeter. This SDH
was treated conservatively with phenytoin and reversal of
anticoagulation. A second head CT, obtained one month after the initial
scan, documented resolution of the SDH but also revealed a right parie-
tal extra-axialmass. Clinically, the patient began to present intermittent
headaches and complained of paresthesias affecting his left hand with-
out any recurrence of seizure. No focal deﬁcit was found on neurological
examination except hypoesthesia of the left hand. Magnetic resonance
imaging (MRI) showed a rounded parietal mass, hypointense on T1
and hyperintense on T2 and on ﬂuid attenuated inversion recovery
(FLAIR) images (Fig. 1A–C). Enhancement following gadolinium injec-
tion was inhomogeneous and susceptibility-weighted images (SWI)
conﬁrmed prior hemorrhages with signal changes compatible with
local hemosiderosis. In comparison to the CT scan previously obtained,
the lesion appeared to be rapidly progressing. Additionally, in the adja-
cent gyri, multiple tortuous small vessels were identiﬁed. Suspecting a
hemangiopericytoma, we obtained an angiography (Fig. 1D–F), which
demonstrated an early draining vein and an area of abnormal blush. Ar-
terial feeders came predominantly from the right internal carotid artery
(ICA) with smaller contributions from the left ICA and bilateral external
carotid arteries (ECA). Incidentally, a right posterior communicating ar-
tery aneurysms measuring 1.7 mmwas also noted.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Preoperative imaging. (A) Axial T1-weighted images with gadolinium injection showing enhancing extra-axial right parietal lesion. (B) Axial T2-weighted images showing dilated
vessels in the vicinity of right parietal lesion. (C) SWI-weighted images revealing siderosis and abnormal vessels in right parietal lobe. (D) Right external carotid artery, anteroposterior
view. (E) Right internal carotid artery, anteroposterior view. (F) Right internal carotid artery, lateral view. An early draining vein with an area of abnormal blush is present. The right in-
ternal carotid artery (ICA) provides the main arterial feeders.
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surgical resection was undertaken. A right parietal craniotomy revealed
a dural-based lesion compatible with a meningioma, which was
resected en-bloc (Fig. 2A). A dAVF draining in an arterialized vein of
Trolard was also identiﬁed and disconnected. Following the disconnec-
tion of the dAVF however, the vein of Trolard remained arterialized. This
led to the identiﬁcation of a vascular lesion underneath themeningioma
based on the piamater (Fig. 2B). This lesion proved to be anAVM,with a
distinct nidus that was dissected from the underlying parenchyma.
Postoperative outcome was favorable, but hand hypoesthesias
persisted. There were additional ictal episodes, but these subsided withFig. 2. Intraoperative pictures. (A) En bloc resection of the meningioma (Simpson 0) and iden
(black arrowhead). (B) Pial arteriovenous malformation (white arrow) identiﬁed after removthe addition of levetiracetam. A postoperative MRI conﬁrmed the total re-
moval of the tumor and angiography demonstrated exclusion of the AVM
and dAVF. Histology and immunohistochemistry conﬁrmed the diagnosis
of meningioma, although a post-traumatic meningothelial hyperplasia
was entertained in the differential (Fig. 3A and B). A negative CD34 immu-
nochemistry ruled out hemangiopericytoma (Fig. 3C). The lesion prolifera-
tive indexwas low and vascular endothelial growth factor (VEGF) was not
expressed in the tumor. The histology of the vascular lesionwas consistent
with anAVM(Fig. 4). At 3months,MRI and CT-angiographywere repeated
and showed no residual tumor or vascular malformation. Clinically, there
was no recurrence of seizures and paresthesias subsided.tiﬁcation of a dural arteriovenous ﬁstula (black arrow) and arterialized vein of Trolard
al of the meningioma and disconnection of the dAVF.
Fig. 3. Meningioma histopathology (100× magniﬁcation). Meningioma hematoxylin
phloxine saffron (HPS) stain (A), epithelial membrane antigen stain (B) and CD34 immu-
nohistochemistry (C).
Fig. 4. AVM histopathology (50× magniﬁcation). AVM HPS stain (A) and smooth muscle
actin stain (B).
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We report a case of concurrent and anatomically associated meningi-
oma, dAVF and pial AVM. These presented 5 years following subdural and
subarachnoid hemorrhages secondary to head trauma. 11 previous cases
of AVMs associatedwithmeningiomas (9 cases) or hemangiopericytomas
(2 cases) have been previously reported (Supplemental Table 1). Includ-
ing the present case, the tumoral and vascular lesions were contiguous in
only 6 cases and only 2 patients presented intracranial bleeding before
surgical intervention. AVMs and meningiomas were majoritarily located
on the convexity. Including the present case, 3 patients had a dAVF in as-
sociation with an AVM.
This rare association between an AVM and a meningioma and their
shared vascularity raises questions as to their respective pathophysiolo-
gy; has one led to the development of the other or do these lesions share
common pathogenic pathways. In fact, and although AVMs are thought
to be congenital lesions, there is experimental and clinical evidence thatabnormal angiogenesis and vascular remodeling occur in adult patients.
Angiogenesis is controlled by a number of factors, including VEGF. There
is increased expression of VEGF in the vascular walls of AVMs and it has
been associated with increased angiogenesis and peritumoral edema in
meningiomas [1]. Although VEGF was not expressed in the meningioma
described in the present case, previous authors have postulated that in-
creased vascularity and cerebral blood ﬂowassociatedwithmeningiomas
and hemangiopericytomas may also be a factor in the development and
growth of vascular malformations. The concurrent ﬁnding of a dAVF
must also be weighted in the pathophysiology. It has been previously re-
ported that meningiomas and other CNS tumors may be associated with
as many as 4.6% of dAVF [7]. In many of those cases however (40.9%), tu-
mors were associated with signiﬁcant venous outﬂow obstruction. In
comparison, there was no venous obstruction in 10 out of 11 cases of
AVM associatedwith a dural lesion, suggesting a lesser role of venous hy-
pertension in the concurrent development of AVM and meningioma.
Previous trauma and consequent hemorrhages in the subarachnoid and
subdural compartmentsmaywell have contributed to the induction of an in-
ﬂammatoryenvironment. It hasbeenpreviouslypostulated that suchchronic
inﬂammation in the post-traumatic settingmay lead to the formation ofme-
ningiomas. In AVMs, inﬂammatorymechanisms have been involved in both
lesion progression and rupture [3]. In addition to the inﬂammatory changes
induced by trauma, one may speculate that the initial hemorrhages may
havebeen consequent to damage to cortical vessels in theparietal lobe. Fistu-
lous connection between cortical and dural vesselsmay have developed and
persisted during the inﬂammatory and healing phases. Nevertheless, no vas-
cular imagingwas done following the initial trauma and thus, the possibility
that the AVMwas already present before the trauma cannot be ruled out.
Clinically, thepresence of a vascularmalformationmaybedifﬁcult to
diagnose, owing to the hypervascularity of the meningeal tumor [2]. A
preoperative angiogram may help in the identiﬁcation of arterial feeders
and draining veins. The treatment of either lesion should take into account
the attributable symptomatology and natural history of each lesion [4]. The
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hamartomatous lesion that may be associated with both meningioma
and vascular malformation. Typically, these are extra-axial plaque-like le-
sions that present with seizures. Histopathology, in the absence of the typ-
ical cortical hypervascularity and perivascular spindle cells, allowed us to
exclude this diagnosis. Likewise, the diagnosis of meningioma was pre-
ferred to that of post-traumatic meningothelial hyperplasia because of
the cellularity of the lesion, thedural invasionandmacroscopic appearance.
4. Conclusion
The association between vascular malformations and meningiomas
is a rare occurrence intracranially. Such cases illustrate the pathogenic
roles of angiogenesis and inﬂammation that is common to these lesions.
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